Fluorescence in situ hybridization (FISH) analyses were performed on supernumerary marker chromosomes (SMCs) detected in 43 273 prenatal diagnoses over a period of 11 years, 1993 -2003. A total of 42 pregnancies with SMC were identified, indicating a prevalence of one in 1032. A total of 15 SMCs were endowed with detectable euchromatin (prevalence, 1/2884), including six SMCs containing the cat eye critical region (CECR) on chromosome 22q11.21 (1/7212). De novo SMCs were found in 29 pregnancies (1/1492), including 14 euchromatic SMCs (48.2%). Follow-up studies were available for 24 cases. Nine pregnancies (37.5%) were terminated; two children (8.3%) were born with Pallister -Killian syndrome and cat eye syndrome (CES), respectively; 13 children (54.1%) showed apparently normal development. Familial SMCs were identified in 13 pregnancies (1/3328) from 11 unrelated women. They were all acrocentric. In all, 10 were heterochromatic and one was an extra der(22)t(11;22) chromosome. A total of 12 cases were available for follow-up. One pregnancy was terminated due to anhydramnios, spina bifida, and cystic-dysplastic kidneys; one child suffered from a der(22) syndrome; 10 children (83.3%) appeared unaffected. Studies for uniparental disomy were performed on seven pregnancies and revealed a case of maternal heterodisomy for chromosome 22. So far this is the largest FISH study of prenatally ascertained SMCs and the first study with detailed data on the prevalence. Findings illustrate the spectrum and clinical outcomes of prenatally diagnosed SMCs, and indicate a higher frequency of SMCs than generally assumed.
Introduction
Supernumerary marker chromosomes (SMCs) are disturbing findings at prenatal diagnosis 1 that have been reported to occur at frequencies between 1.5/1000 2 and 0.4/1000. 3 Fluorescence in situ hybridization (FISH) has greatly improved the prenatal analysis of SMCs. 4 -8 Although most cases have been characterized by standard FISH, special techniques such as chromosomal microdissection, 9 subcentromere-specific multifluor FISH (subcenM-FISH), and multicolor banding (MCB) have been applied to exceptional cases. 7 Occasionally, SMCs lead to spontaneous abortions. Specific SMCs have been associated with Pallister -Killian syndrome (Online Mendelian Inheritance in Man (OMIM) 601803), inverted duplication 15q12 -q13 syndrome, isochromosome 18p syndrome, and cat eye syndrome (CES) (OMIM 115470). However, the majority of SMCs do not grossly interfere with fetal development, because they contain little or no euchromatin. In many cases, the clinical outcome is hard to predict because the euchromatic content of the SMC is unclear, because of the different degrees of mosaicism, and the possibility of uniparental disomy (UPD). Hence, genetic counseling after identification of an SMC is complicated. Familial SMCs confer low risks. The empirical risk for congenital anomalies is approximately 13% for randomly associated de novo SMCs, 3 -6 7% for SMCs derived from acrocentric chromosomes (excluding the 15s), and 28% for SMCs derived from nonacrocentric autosomes. 10 As a result of the high risks and many uncertainties regarding the clinical outcome, many pregnancies with de novo SMC are terminated. However, effective FISH studies can reduce uncertainties, giving affected couples a better reproductive choice.
Here, we present an 11-year survey of prenatally ascertained SMCs, which were all studied by FISH. During the study period (1993 -2003) , 42 pregnancies with an SMC were identified in 43 273 consecutive prenatal diagnoses.
Materials and methods

Study and subjects
Cases were ascertained by a survey of prenatal karyotypes from 43 273 pregnancies that had been analyzed after amniocentesis (AC), chorionic villus sampling (CVS), or fetal blood sampling (FBS) at the Center for Prenatal Medicine and Genetics, Düsseldorf, Germany, from January 1, 1993 until December 31, 2003 . SMCs were detected in 42 pregnancies of 40 unrelated women (five CVS, 37 amniocenteses; Tables 1 and 2 ). Prenatal diagnosis was performed because of advanced maternal age (AMA, X35 years) in 29 women, a maternal age of 34 years combined with anxiety (cases 1, 3, 13, and 31), abnormal fetal ultrasound (cases 5, 7, 10, and 28), a previous pregnancy with familial SMC (cases 7 and 17), a maternal age of 15 years (case 27), extreme anxiety (case 35) , and an uncharacterized SMC in the partner (case 39). Cases included three twin pregnancies, each with an SMC present in only one twin (cases 1, 12, and 26). The chromosomal origin, whether de novo or familial, was determined by parental karyotyping. When no SMC was found in both parents, it was considered de novo. Follow-up studies were performed using medical reports and telephone interviews of the women and/or physicians. Seven cases from this study were previously reported (see Results section).
Cytogenetic and FISH analyses
Standard karyotyping was performed using G banding at a resolution of 400 or more bands. SMCs were further characterized by using 4,6-diamidino-2-phenyl-indole (DAPI) staining and, in some cases, AgNOR staining. FISH was performed on metaphase spreads from AC, CVS, or FBS. SMCs were classified according to Plattner et al 12 with some modifications (Table 3) . Bisatellited SMCs (classes I and II) were studied with DNA probes detecting for b-satellite DNA in the acrocentric short arms, the a-satellite subsets on chromosomes 13 13 in a second step, minute SMCs were studied under standard FISH conditions with the appropriate chromosome-specific alphoid DNA probes, locusspecific probes, and/or chromosome paints (Tables 1 and  2 ). An analphoid minute (case 13) required chromosomal microdissection. 9 Other SMCs (class V) showed informative banding patterns that were confirmed by hybridization of the appropriate DNA probes. DNA probes (Tables 1  and 2 ) were purchased from Appligene/Oncor (Illkirch, France) and Vysis (Downers Grove, IL, USA). Plasmids pUC1.77 and pHUR195 (D1Z satellite III DNA at chromosome 1q12 and D16Z4 at 16q11.2, kindly provided by Dr Joop Wiegant, Leiden University, The Netherlands) were labeled using nick translation. DNAs of cosmids, BACs, and YACs (Tables 1 and 2 ) were amplified and labeled as described in previous studies. 14, 15 SMCs (22) were analyzed using cosmid cos121 16 and, following the report of
McTaggart et al, 17 additional BAC clones (Tables 1 and   2 ). 11 Slides were counterstained with DAPI and analyzed using Axioskopt epifluorescence microscopes (Carl Zeiss, Göttingen, Germany) and the ISISt imaging system (MetaSystems, Altlussheim, Germany). At least six informative metaphases were scored for each probe.
Molecular studies
Following reports on SMCs and UPD, 18, 19 
Results
De novo SMCs Table 1 summarizes the cases with de novo SMCs and provides the FISH karyotypes. Figure 1 shows representative G banding results. Figure 2 shows an AC was performed at 15 þ 4 weeks of gestation.
Karyotyping showed a minute SMC in 50% of the cells. Absence of alphoid DNA using FISH suggested a neocentric SMC. After chromosomal microdissection and reverse painting, and FISH studies using a subtelomeric probe for 1q (Oncor P5402, D1S555/D1Z9), the SMC was found to represent 1q43 -q44, excluding the 1q subtelomeric region. Apart from a transient bigeminal pulse, no abnormalities were noted in neonatal age. The mother reported a normal development at the age of 6 months. (8) . The hybridization signal with the alphoid probe for 8 fully covered the SMC, suggesting the absence of euchromatin. At age 6 years, the girl was phenotypically normal. Case 32: A CVS was performed at 11 þ 6 weeks of gestation. Karyotyping showed a ring-like 18p-sized SMC (Figure 1 ) in 14% of the cells. Following an AC at 14 weeks of gestation, the SMC was recovered in 19% of the metaphases and characterized using multifluor FISH (24-color painting) and partial chromosome paints for 8p (pcp8p) and 8q (pcp8q). Findings indicated an SMC(8) containing a minute euchromatic segment from 8p and possibly also from 8q. A detailed fetal ultrasound was normal. The pregnancy was terminated.
Chromosome 11 Case 29: An AC was performed at 14 þ 5 weeks of gestation. G banding showed a minute SMC (Figure 1 ) in 72% of the cells. The FISH signal using an alphoid probe for chromosome 11 covered the entire SMC Figure 2 ). A whole chromosome paint for 11, which paints the euchromatin but not the heterochromatin, and BAC clone IB1 (a gift from Dr Gerard Waeber, University of Lausanne, Switzerland) (Figure 2) , which detects the MAPK8IP1 gene at 11p11.2, respectively, produced no detectable signals on the SMC. Findings suggested that the SMC contained only centromere heterochromatin. The boy had no apparent anomalies at age 3 months. Chromosome 15 Case 1: In this female twin pregnancy, an AC was performed at 15 þ 4 weeks of gestation. One twin had a large bisatellited DAPI-positive SMC and the cotwin had a normal karyotype. Using FISH, the SMC was identified as a dicentric SMC(15) with two copies of the PW/ACR. A selective termination was performed. The cotwin was normal at birth.
Case 4: An AC was performed at 15 weeks of gestation. A small bisatellited DAPI-positive SMC was found in 50% of the cells. FISH showed a dicentric SMC(15) lacking the PW/ACR. The boy showed no anomalies at age 6 years.
Case 10: This was reported previously (case 2). 9 After an ultrasound showing nuchal edema, a heart defect, and hydronephrosis, concomitant AC and FBS were performed at 22 þ 5 weeks of gestation. A nonsatellited, F-group sized submetacentric SMC was found in 50% and 66% of cells, respectively. FISH showed no alphoid DNA on the SMC. The banding pattern tentatively suggested an origin from the distal chromosome 15q, which was confirmed by FISH. The pregnancy was terminated at 24 weeks. Post-mortem studies showed mild growth retardation (weight 690 g, signs of maturity 21 weeks), bilateral hydronephrosis, polycystic left kidney (Potter IV), and dysplastic right kidney. Case 14: An AC was performed at 14 þ 2 weeks of gestation. Karyotyping revealed a bisatellited DAPI-positive SMC in all cells and FISH indicated a dicentric chromosome 15 without the PW/ACR. Molecular studies indicated biparental inheritance at loci D15-ACTC, D15S659, and D15S175, excluding UPD15. The boy had no anomalies at age 3 years.
Chromosome 16 Case 11: An AC was performed at 15 þ 6 weeks of gestation. After G banding, a ring-like, 18p sized SMC was seen in 63% of the cells. The combined FISH signals with an alphoid probe for 16 (D16Z2) and a satellite II probe (pHUR195, D16Z4) covered the entire SMC, which may have arisen from a ring chromosome 16 by subsequent deletion(s). A whole chromosome paint 16 (wcp16), which excludes the pericentric heterochromatin, showed no signal on the SMC, suggesting the absence of euchromatin DNA. After genetic counseling, 20 the pregnancy was terminated at 19 weeks. Placenta weight was normal. The fetus weighed 210 g and showed no external malformations. Further post-mortem studies were declined. Case 31: An AC was carried out at 16 þ 0 weeks of gestation and showed a circular 18p sized SMC (Figure 1 ) in 70% of the cells. FISH using an alphoid probe (locus D10Z1) at low stringency indicated the presence of alphoid suprafamily 1 DNA. Using an alphoid probe for chromosome 16 (locus D16Z2), a signal was present on the SMC (Figure 2) . A satellite II probe (pHUR195, D16Z4) yielded a weak signal on the SMC. Similarly, the wcp16 produced very minor signals barely above the background noise level (Figure 2) . Hence, the SMC contained little if any euchromatin. The detailed fetal ultrasound was apparently normal. The pregnancy was terminated. Autopsy data were not available.
Chromosome 17 Case 30:
A minute ring-like SMC (Figure 1 ) was detected in 67% of the cells after an AC performed at 14 þ 5 weeks of gestation. FISH with a chromosome 17 a-satellite probe and a wcp17 revealed an SMC(17) with very little or no euchromatin (Figure 2) . The girl had no apparent anomalies at the age of 4 months.
Chromosome 18 Case 19:
A nonmosaic small metacentric SMC was evident after CVS performed at 10 þ 6 weeks gestation. An isochromosome 18p was suspected after karyotyping and was confirmed using FISH. The pregnancy was terminated at 12 weeks of gestation.
Case 23: This woman had an AC at 14 þ 3 weeks gestation. Karyotyping showed a small metacentric SMC present in all cells. An isochromosome 18p was suspected and confirmed using FISH. Detailed fetal ultrasound showed a dolichocephaly but no other anomalies. The pregnancy was terminated.
Chromosome 19 Case 15: An AC was performed at 16 þ 4 weeks of gestation and showed a minute ring-like SMC in 63% of the cells. Using FISH at low stringency, DNA of the alphoid suprachromosomal family 1 was present at the SMC. An alphoid probe for chromosomes 1, 5, and 19 (D1Z7/D5Z2/D19Z3) and wcp19 yielded FISH signals covering most of the SMC, whereas wcp1 and wcp5 did not hybridize with the SMC. An SMC(19) containing some euchromatin was diagnosed. The girl had no anomalies at age 3 years.
Chromosome 21 Case 25:
A minute SMC was evident in 78% of the cells of an AC taken at 15 þ 2 weeks gestation.
Forty-two pregnancies with SMC O Bartsch et al
FISH indicated a minute ring-like SMC (21) . Detailed fetal ultrasounds at 15 þ 2 and 20 þ 2 weeks of gestation were normal. The pregnancy was continued. The boy had no anomalies at age 2 years.
Chromosome 22 Case 8: An AC was undertaken at 18 þ 1 weeks of gestation. A small submetacentric bisatellited SMC was detected in a subset of cells. For confirmation and FISH, FBS was performed and the SMC was recovered in 30% of the cells. Using FISH, a dicentric chromosome 22q11 without the CECR was identified. The boy had no anomalies at the age of 5 years.
Case 9: A minute ring-like SMC was evident in all cells of an amniotic fluid sample taken at 14 þ 5 weeks gestation. Using FISH a small ring chromosome 22 including the CECR was detected. The pregnancy was terminated. Further information was declined.
Case 22: This was reported previously (patient 2). 11 A small (type I) CES chromosome 17 was detected in 50% of the cells in an AC. The boy reportedly had mild CES at the age of 1.5 years. Detailed medical records were not available. Case 24: A CVS at 10 þ 6 weeks of gestation was performed, and disclosed a small bisatellited SMC in all cells. FISH indicated an isochromosome 22p without the CECR. The girl had no anomalies at age 2 years.
Case 33: This was previously reported (patient 3).
11
Following a strong vaginal bleeding in the first trimester, an AC was performed at 14 þ 3 weeks of gestation. G banding (Figure 1 ) and FISH ( Figure 2 ) revealed a small (type I) CES SMC present in all cells. No additional data were available. Case 36: This had an unusual (type III) CES chromosome as reported previously (patient 7). 11 The SMC (Figure 1 ) was present in 19% of the cells of an AC performed at 14 þ 6 weeks of gestation and in 3% of cells after FBS. It revealed a trisomy of 22p11 -q13. Here, we report results of UPD studies, which indicated uniparental maternal heterodisomy 22 (UPHetD22mat) ( Table 4 ). The amount of DNA from the SMC was below the detection limit of the assay. Although the paternal origin of the SMC was not proven, it is most likely of paternal origin. The boy was not dysmorphic at birth and reportedly showed normal development at age 6 months. Case 40: This was previously reported (patient 6). 11 An AC was performed at 14 þ 5 weeks of gestation. G banding ( Figure 1 ) and FISH ( Figure 2) showed a large (type II) CES SMC present in all cells. The woman considered termination of the pregnancy. No additional data were available.
Familial SMCs
Familial SMCs were found in 13 pregnancies (13 out of 42, 30.9%) from 11 unrelated women (Table 2) . Seven (63.6%) were inherited paternally and four (36.3%) maternally. The familial SMCs were present in all cells. One pregnancy (case 2) showed two different cell lines containing one and two copies of the SMC, respectively. Three cases (Table 2) were studied for UPD, all with normal results.
Chromosome 13 or 21 Case 27: A very small bisatellited, metacentric SMC was found after an AC performed at 14 þ 1 weeks of gestation. FISH indicated a 13p or 21p isochromosome or translocation. The mother displayed the same SMC. The boy had no apparent anomalies at age 1 year. Case 37: Following an AC performed at 16 weeks of gestation, a bisatellited SMC was seen in the amniocytes and in paternal blood lymphocytes. FISH indicated an origin from chromosome 13p and/or 21p. At 28 weeks of gestation, the woman had a premature ablation of the placenta and an emergency Caesarean section. Birth weight was 770 g, length 35 cm, and Apgar 7/7/9 after 1/5/10 min. At age 12 months, the boy was not dysmorphic and showed no signs of developmental delay.
Chromosomes 13 or 21 and chromosome 15 Case 6:
This phenotypically normal woman had a female cousin with mental retardation of unknown origin. An AC was performed at 16 þ 5 weeks of gestation. A small bisatellited SMC was identified and also found in maternal lymphocytes. Using FISH, a small dicentric SMC with alphoid DNA of chromosomes 13 or 21 and of chromosome 15 was detected. This girl had no apparent anomalies at age 5 years.
Chromosome 15 Case 17A: A small bisatellited SMC was identified after an AC performed at 15 þ 5 weeks of gestation and in maternal lymphocytes. FISH demonstrated a dicentric SMC(15) without the PW/ACR. Molecular studies indicated a normal biparental inheritance at loci D13S232, D13S218, D13S317, D13S796, D13S285, D14S597, D14S306, D14S617, D15S122, D15-ACTC, Case 17B: At the age of 38, this woman had another AC showing the SMC. Molecular studies indicated biparental inheritance at loci D14S597, D14S306, D15S122, D15-ACTC, and D15S642, excluding UPD14 and UPD15. Clinical findings at age 6 months were normal.
Case 39: After 2 years of sterility, a small dicentric SMC was identified in lymphocytes of the partner of a 28-yearold woman, and in lymphocytes of his father. Intracytoplasmatic sperm injection (ICSI) was performed without success. Thereafter, a pregnancy occurred spontaneously. Following CVS at 11 þ 6 weeks of gestation and FISH, an inverted duplication of chromosome 15 lacking the PW/ACR was identified. Molecular studies showed a normal biparental inheritance at different polymorphic markers (D15S1365, D15S817, D15S195, D15S523, and D15S533) excluding UPD15. The pregnancy commenced normally, but was not available for follow-up.
Chromosome 22 Case 2: An AC was performed at 14 þ 1 weeks of gestation. Two copies of a small metacentric, bisatellited SMC were present in 57% of the cells and one copy of the SMC in 43%. The SMC was maternally inherited. FISH demonstrated a minute dicentric chromosome 22 made up of two short arms and two pericentromeric regions, but without the CECR. The girl was normal at an age 6 years.
Case 7A: In a 31-year-old woman, an AC was performed at 19 þ 2 weeks of gestation following a fetal ultrasound showing anhydramnios, spina bifida aperta, and cysticdysplastic kidneys. A small metacentric, bisatellited SMC was identified in amniocytes and in paternal lymphocytes. FISH indicated an isochromosome 22p with a partially duplicated centromere. The pregnancy was terminated.
Case 7B: Another AC in her next pregnancy showed the same SMC and an additional de novo translocation of chromosomes 4 and 5. This boy had no apparent anomalies at age 4.5 years.
Case 18: This small metacentric bisatellited SMC was detected following an AC at 14 weeks of gestation. The SMC was found to be of paternal origin. FISH indicated an isochromosome 22p. The boy had no apparent anomalies at age 2.5 years.
Case 20: An AC was performed at 17 þ 3 weeks of gestation. A bisatellited metacentric SMC was found in the amniocytes and in paternal lymphocytes. Using FISH, the SMC was an isochromosome 22p. The boy had no apparent anomalies at age 2.5 years.
Case 26: This was previously reported (patient 9). 11 In a twin pregnancy, an AC was performed at 15 weeks of gestation. An SMC was detected and using FISH, a der(22)t(11;22) extrachromosome was identified. A constitutional 11;22 translocation was identified in the cotwin and in the father. The affected twin had severe malformations and died on day one of life. 11 The cotwin had no anomalies. Case 28: Following an abnormal (2.9 mm) nuchal translucency, a 28-year-old woman had a CVS performed at 12 weeks of gestation. A small, bisatellited SMC was evident in all cells and in paternal lymphocytes. FISH indicated an isochromosome 22p. The girl was born at term. Weight was 3910 g, length 53 cm, and Apgar 8/10. Apart from adducted feet she had no apparent anomalies at the age of 4 months.
Discussion
So far, this is the largest FISH study of prenatally diagnosed SMCs. Apart from the detailed review of Crolla, 10 so far only one large-scale study of the euchromatic DNA content in pre-and postnatal SMCs has been reported. 7 Frequencies of the different SMCs Our study shows a prevalence of 1/1032 (n ¼ 42) for SMCs at prenatal diagnosis, 1/1492 for de novo SMCs (n ¼ 29), and 1/3328 for the familial SMCs (n ¼ 13). Previous studies reported SMC frequencies of 0.4/1000, 3 0.8/1000, 21 1/1000, 5 and 1.5/1000. 2 The higher frequencies could possibly be explained by (i) nonrandom ascertainment of cases, (ii) withdrawal of materials at an earlier point of time in gestation, and/or (iii) greater maternal age. In our study, none of these possibilities is persuasive. The maternal age distribution was inconspicious, materials were withdrawn at usual points in time of gestation, and all but six pregnancies (14% ; Tables 1 and 2 ) were ascertained due to maternal age and/or anxiety. Therefore, we consider the frequency of 1/1000 for prenatally diagnosed SMCs to be representative. Table 3 classifies the SMCs in the present study. At a prevalence of 1/1602, heterochromatic SMCs (classes I and III; n ¼ 27) were almost twice as frequent as euchromatic SMCs (classes II, IV, and V; n ¼ 15) with a prevalence of 1/2884. Euchromatic SMCs usually originated de novo and accounted for approximately one half of de novo SMCs (48.2%; 14 of 29); the remaining de novo SMCs were heterochromatic. Apart from one case, all familial SMCs were heterochromatic and, therefore, without phenotypic effects. In the one case (no. 26) with abnormalities, the SMC arose from a 3:1 malsegregation of a balanced translocation.
Regarding the morphology, we have shown that 57.1% of the prenatally diagnosed SMCs are bisatellited (n ¼ 24). Five bisatellited SMCs (5/24, 20.8%) contained detectable euchromatin (class II; PW/ACR or CECR). About 32% of the SMCs were ring-like minutes (n ¼ 13), and of these, 38% showed euchromatin (class IV minutes; n ¼ 5). Another 12% of the SMCs were miscellaneous (class V; n ¼ 5). These all occurred de novo and showed tentatively recognizable Forty-two pregnancies with SMC O Bartsch et al banding patterns: an acrocentric (class V) SMC proved to be a der(22)t(11;22) chromosome, a submetacentric SMC (case 10) was identified as an inverted duplication of chromosome 15q24 as reported previously, 9 and three metacentric SMCs represented isochromosomes 12p and 18p, respectively.
FISH strategy
Six different DNA probes (for b-satellite DNA on the acrocentric short arms; the alphoid DNA subsets on chromosomes 13/21, 14/22, and 15; the PWS/AS chromosomal region, and the CECR) are sufficient for a basic classification of bisatellited SMCs (classes I and II). However, as shown here and elsewhere, a subset of cases may require additional probes. 7, 11, 17 The stepwise investigation of minute SMCs (classes III and IV) included (i) the identification of the a-satellite suprachromosomal family by low-stringency hybridization allowing cross-hybridization between members of the same suprafamily, 13 (ii) the identification of the chromosomal origin by highstringency (chromosome-specific) hybridization of alphoid DNA probes, and (iii) analysis of the euchromatin DNA content using region-specific probes such as BACs. 7, 11 There have been attempts to detect the euchromatin on SMCs by using of whole chromosome painting, 16 but due to the presence of centromeric DNA in some paints, this approach is artifact prone: heterochromatic and euchromatic SMCs (classes I vs II or classes III vs IV) may be confused. This study has shown that the stepwise procedure is effective and fast; final results were obtained (usually within 1 week) for 92.3% (12 of 13) of the minute SMCs. All other (class V) SMCs were tentatively identified by their cytogenetic properties and required only confirmatory FISH studies. Overall, only one case (2.5%; case 13) required the use of more complex FISH techniques.
9
Small (class I) bisatellited SMCs SMCs of the acrocentric short arms and small dicentric chromosomes 15 or 22 are assumed to be devoid of dosagesensitive genes. Nevertheless, it is widely assumed that they confer a small risk for congenital anomalies above the baseline risk of the general population. Interestingly, this study includes a case possibly supporting such extra risk. One (6%) of the 17 pregnancies with a class I SMC featured bifid spine, dysplastic kidneys, anhydramnios, and a familial isochromosome 22p (case 7A). The clinical findings are not imputable to the presence of undetected euchromatin between the centromere and the CECR (chromosome 22q11.21) on this SMC, because they have not been previously reported with tri-or tetrasomy of chromosome 22q11. 22 Neither can they be explained by imprinting defects caused by the possible presence of UPD22, because chromosome 22 is not known to harbor imprinted genes. 23, 24 The reduction to homozygosity of recessive mutations by UPD remains a remote possibility, because in rare cases, neural tube defects (NTDs) were associated with 22q11 deletions. 25, 26 Oligohydramnios and absent/malformed kidneys have been reported with full trisomy 22. 27 Our patient had no additional signs of trisomy 22, or of a 22q11 deletion. In fact, the combination of kidney cysts and NTD appears to be extremely rarely associated with chromosomal aberrations: thus far, there has been only one report involving chromosome 3. 28 However, the combination has been reported with the VACTERL association, 29 a relatively frequent disorder (1 in 5000 newborns) that has been linked with maternal diabetes, inhibition of cholesterol biosynthesis, and the Hedgehog signaling pathway. 30 Therefore, we consider the abnormalities and the SMC (22) in case 7A to be most likely a chance association. Nevertheless, the data support that pregnancies with a class I SMC have a slightly increased risk for abnormalities.
Prevalence of the CECR and possible maternal age effect
The CECR was present in six SMCs (prevalence 1/7212) or, excluding the familial case 26, in five de novo SMCs (1/8655). The de novo cases included a small ring chromosome (case 9), an atypical CES chromosome (case 36), 11 and three typical CES chromosomes (cases 22, 33, and 40). 17 There has been no previous report on the prevalence of SMCs conferring extra copies of the CECR at prenatal diagnosis. For the CES, a frequency between 1:50 000 and 1:150 000 was estimated from patients observed in Switzerland (OMIM 115470). The large difference between the pre-and postnatal data (1:8655 vs 1:50 000 -150 000) requires explanation. Population-based investigations are likely to ascertain fewer cases of CES than prenatal studies for various reasons including spontaneous abortions, oligoor asymptomatic outcome in some patients, 6, 31 (also this study) and terminations of pregnancy. AMA could possibly be another factor. Hook and Cross 21 reported a significant maternal age effect for de novo SMCs in their study of 75 000 prenatal diagnoses. Recently, Crolla et al 8 confirmed
the maternal age effect for de novo SMCs(15), but for SMCs (22) their data were inconclusive. Considering that the inverted duplications of chromosomes 15 and 22 share similar origins because they both may arise in female meiosis from errors of recombination at sites of low copy repeats (LCRs), 32 -36 the higher frequency of CES chromosomes in this study vs in the population could also, in part, be indicative of a maternal age effect.
Minute ring-like SMCs (classes III and IV) Minute ring-like SMCs (classes III and IV) were identified in 13 pregnancies (3.0 per 10 000 prenatal samples). All had occurred de novo. 
Uniparental disomy
This study includes a case (no. 36) of maternal heterodisomy for chromosome 22 associated with a bisatellited SMC (22) . Recently, the early postzygotic reduction of a chromosome to a SMC was identified as a mechanism to rescue a trisomic conceptus. 24 Case 36 is the second example of trisomy rescue by fortuitous formation of an SMC from the paternal homolog 22. 24 The SMC conferred trisomy for chromosome 22p11 -q13, but was present in only 19% of amniocytes and 3% of lymphocytes. Hence, we consider the normal phenotype of the patient at age 6 months to be most likely due to the low degree of mosaicism for the SMC. Moreover, the case adds evidence to that maternal UPD 22 usually has no adverse effects. 23, 24 
